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6329i-26Gl 

Thia invention relatea to a method and apparatus to.r 
heFrting aft £lon.9fc ted space or a lovatl&a coti taAninq an slongutod 
hnutor, Here ysrtitular iy, the invention relatea to £m «X&cfT-?J.C!*J 
i.'eaiaunce t\e*t^r for nftfttimr Stl tiLOnflAt&d «UJ>t6 1 raft c Aft tt<Jjuh<Uo 
At rfltQEi which are different at. different depth*? nt the bojrehola, 

;tt J. ft Known to bo bouotieiai to us* tiloti$at«d h&atBrs 
uuch az we-lL heaters, for heating intervals o£ Fsubterran** eun fi*rth 
f oxmaU 1.0/TJ, plpo Intoriors, or other elongatad fjoanaa. In. various 
ffituatiana , it is declarable to heat suuh e-pscee at relativeLy Uicjb 
10 t£nperar.uiffc& tor relatively ic-ng tinea. Beneficial reaulta 
obtsinod fay such heating may include pyrolifclogr Qil sU*X« 
formations, cok;log oil to consolidate imconsolldAtod r&Rcrvot* 
£arma ti on. S , CoKin? oil to form electritaily conductive carbonized 
zones capable of operating as electrode* within ft reservoir 
^Ottfiation , thermally displacing hydrocarbons derived from oils or 
tsra iuto production locaf-i oas, prevsntins for»atioti c£ hydrate, 
pr*t; j.pitatts, or the Lifce In fluids which aro belncf produced frow 
w<:lls and/or tra^varUt ted through pipea, or thft llKe. 

The invention iiif.;* to provide a heating apparatus which 
20 i.n capable of generating heat at different rates flit dtffetrsut 
depr.UB in a well. 

In accordance vrith the invention th-ere is provided \r\ $ 
process in whiafei eubt«rrane&n earth formations within an intorvnl 
ttoro than 100 f ost long are heated to a temperature of wore than 
bG&°<:., so that heat in injected frubctantialiy uniformly i/ito that 
Interval, ah improvement for conatructln? arnft installing a heater 
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having an el*<3tri ca.l cable heating section which is free of 
Rp.l:i<!*S, £0 Up tiding ; con^truo'tintf heating cablo cection by 

compreaaively awagiiui at Least one portion of a }uttotion-tr£e, 
ele^triefll beattug eabla to raduco itu si^ti at salt! at lu&Kt ana 
portion, said cable is at i&aar. b,& long &R tUe ft&rth format I on 
interval Co be heated and comprise; an axiiiily allied r iftaiiaahlo, 
e lactrically conductive core ourroundeej hy granular Tfitae^i 
insulation withift a metal ahoath, ao that awaked portion oronerates 
hfi3t at a uate hiqrher than the wn staged portion; corrfi la tiny the 
10 location ol said sw&Cih^ with tho pattern of h&at conductivity in 
the earth formation interval bo tlut ut le.Apt one cowprafiftivsly 
Kvaqed portion of tho cabla t* located atom? tha cable in & 
^OBitlon such that, rrhen the cable ia extended along the ^avth 
formation intaxvai to be h^&tort, the compr'ssaivoly svagaU portion 
is adjacent to a portion of T.ha earth formation interval iti which 
Che heat nonducifcivi ty is rol&ttvply hish^ ccnnoctin^ oaid 
.loloctively swaged heating cable aection to at laast one power 
supply Gftble and spooling the interconnected cabios; and 
urif;pp©liAg thd Interconnected c^Sslea into a welJbore alang with a 
20 uei yht-aapportimj metal coodutt. wnil* periodically attaching the 
cable* to the conduit and ojtfcaiidinfj the cshlea and conduit to ci 
dapth at which the con.pre a aively swaged portions af the cable are 
positioned adjacent to tho aarth rormation;) having a relatively 
hi$}ii thermal conductivity. 

The iuveanion will now h« *KpUin«d In more detail w3th 
reference to the accompanying drawing*, in -*h±chi 

2 




V 
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Figxira 1 is a three- dim ana ioricil i lluatxatioii fitn 
electrically coftd^ctlvft containing svatjed and im^vsyod 

portions suitable far uae in the pi:et>ent iavtinticn. 

Flgunrft 2 sob^n^OftlJLy Llluptrat;eg tbe *net.o.Il.iog of an 
olactrical xaaiatancB hsatar within the wall In iCcJdrdatico with 
Che pteaent ttweiitJLott . 



2a 

'P. 
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Fi autre 3 3hcwo a £i>lioe between a rretal-absntfisd lr^ulatecl 
pc^vji/ supply cable and a inBtal-£hr;atb£jri insnlate^ cabl£ fcuitsJtXle as 
a rating eleroent of t*ie preso/it inventJ.aix, 

Fiqures 4 and & i llustrarta Spllcos for elsotriCTliy inter - 
S cconsotir^ the ccrx&ictive corea of a pair of TvetoL-^hfiacttaeS mineral- 
insulated heating cablee sDltablt* tis bo 1 rug cabJ.es w the present 
Lnrenticn . 

figure 6 enowa an olcctrioal power supply ciroait suitable £ar 
use in the present invtititim. 
"IjO present invention is at laast in part premiiicd CO a 

discovery that the prep^rtioB of an electrical ocoductor (guc£i a 
iretnl-shoathed solid rateri^!-- insulated electrically conductive 
cable* containing a slag la copper coro) are su~h that results of aii 
application of compressive swaging to tha outside of the metal 
1*> sheath are tranamitt0c3 through the insula ticci bo tho core Of: lOxe 
ceble -in a manner such that e?t2h of thesa o=£TpDnents ore 
substantially siatilt^iecrjsly ro&icert iti csrajs^aeztionai area, by the 
s,9n*> relative ajnonrtB. The reductions in the crable care crOaS- 
aGctiarwil area can be controlled bo cause the swaged portion, of the 
20 cable to generate a aignificantly higher srrojnt ot heat per unit 

time than that; which vrauLd have been gor^rated without the ewaging, 
QWfll at a substantially lexfer tentperatars. 

In a proforred sntoodiment of tbn invention, such a swaging is 
•da>a by a proooss of rotary swaging, amounting to ocwptfessirjgf the 
25 c^bla with mrsy bijaws applied by rcrtating dies. Itot&ttng swaging 
devinea and techniques art) known and ccn-roercdally- available. Biich 
Trackman ozaironly oarrfcaln two Oie? which reciprocate rapidly as a 
spindle m which thiy <iru motartod ic rota ted. A ccenpre salve rotary 
waging C£e ration, involve a a hankering Action which haa thn sarce 
30 ba/iaf icial material on roe-tal forging. It produces a ctes-irwbie 
grain structure resulting in an irtcrsaaed teneila strength myJ 
eidsticity. Tha cole] fin tenpera ture } swaging tendta td work harden 
treat ire**illic materials- If desired, such, a hardening t\nn icv&cle 
more flexible by annealing. 
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in a rcrtut/ swacfirjg operation, the extent- to which the swaged 
material ia reduced In. cxt^g-secticnal area C9» 1>e controlled very 
separately. Par e:»wpla # ^inco a ov?tal-a hotbed solid materia 1- 
i emulated or^pper-cor+^i cdcctrically^amdurtivc coble hehpft'RB as a 
5 solid jf-atcdaX during a rotary tiwagiug c^eraticn, such a coblje 

having a dismater oC tracn about 0.69 to 1 . 25 an can be £A^ige<3 to a 
reduced ditfirotar with ao accuracy oi abort pl.ua qir rninua 0.0025 Ott. 

figure 1 illustrates waged and unswarjed portions of a cable 
preferred tor us* in the present invention. In tlue cable shewn, a 
10 Bt&inLoss Ste^l sheath 2 surrounds a irdrjeral insulation 3 

camn sting of highly cccnptrBSsed grains of iraqneaium oxide and a 
Holid craductive core 4 of substantially pare ccpp&r i& 
caricenrtrJ.e»LlY 3Urround&3 by the insulation and sheath. In & C&b.lfi 
of the type shewn, where thst inner and cuter dj-anetera of the 
Vy Bheath 2 *iTQ 7,25 aild 9 mil and thu diairotar of tlv* cone ^ ia 3 nfll, 
lu the uiiEjvroged portion, the c&b.ljR may g^jisratta a temperature at 
about 600 "C '/(ben conduct ircj 180 arperes of alternating current. 
However, in a swaged portion of tJxe cable having ft dlaroatcr reduced 
by 16%, a temperature of about 350 *C is gsrarated when tho coble 
20 -ia cjccudLotirjg the ssrcre cxjixant in tho saire environment* 

In a preferred eaboi uteri t, the present invention can he 
utilized for providing a formation- tail ore d irsthccl and apparatus* 
far uniformly hearting long Intervals of aubterrana&n earth 
formatxona at high tt^porature. ?ccnrdir>c. to this rtethccl 
2^ si:£terrane>sr\ Intervals are heated with an electric b£&tor 

containing at lea at one epjo.lable stoei-sh^.thei mineral- Insulated 
cob La havvmg a solid central ocm* of high electrical conductivity, 
Such a mbl^ cew ho arranged tc heat tba earth fioanvi^cicriB ao tout 
haat in trans* totted into the formations at a substantially uniform 
3^ rate, even when the heating iiwclvea mora than abouit 330 witta per 
cnetra at teci>?ar£ituros l^t^een about 600 ^ixi 1000 *C. Trie unitccmdty 
Of the bent transmission is ensured by providing the heater with. a. 
pattern of electrical resistances with d=pth within the well 



http://patents 1 .ic.gc.ca/fcgi-bin/any2html 



1 1/17/2001 



01253555dis.afp Page 6 



Page 2 of 3 



- 5 - 

O^ta^lEirtjed vith the pa^tem\ of heal: uandLictivXty wU:h depth within 
the wwrrnunding «o_rth foriOftticms, 

Figure 2 shown a pirafarred eubodhrejit of a woll neater of the 
present Invention bainy installed Vfi thin a wait. As L^tofllr a pair 
S Of selectively swayed heater cables with Bwngad and untavacjetl 

portico o£ the type t^icwn In Fijgure 1 a^e being unshoe Led J.noo a 
xoll frcm spooling cneana 5 and 6 while a support roe^bar 7, such as 
a wira lino or spool able metal conduit/ is cord^-rssvtly unspcolod 
into the xell from R spooling means (nut thewn) . The .\wer end of 
ID the appear t itfcMnS 7 is aUt-achal to a motor KGSIIX 8, SUTh aB a 

Rinker hax for a vertical well or a ptxrrpnbla or other raotxer iraana 
for a substantially horizontal rail. The* lewtir ends oJE the heating 
csbls, fi^aged portions lb/ are mechanically attached to a eabLe 
junction or ertd^ennactor 9 in vhtch the conductive, ooreB aro 
15 electrically Interconnected (as shewn in acre detail la figure 4> . 
'Iha juration 9 la a\sm Tnsdianically ooruiectcd to the suppcorfc madsei- 
7, for ejcmplo by a strapping means 12. The la&r mds of the cable 
poartiana, vjhlch are LV&ge4 for increased heating, are electrically 
interconnected in the er.^ COTJXec tor £ and positioned to GXtend 
20 through tha zone edilectad for receiving the ircr-eaasd heating. 

Ilia unawaged porticos la of the heatlr^ cables r designed fior 
miniinal heating along tht> zona to be heated, sre positioned to 
extend above the swathed portion^ lb for & distance sufficient to 
reach, a aano tfnich la cdo.1 encugh Cor on ifttcroonr^ctwii of tl:a 
2S heating cable pot trims La with pawar suyply cables 10 by w&?i\a exf 
joints or splices 11 for electrically arxl mad vat ile ally inter- 
connect ir^g ths pcw&r supply ivjcj otr<d beating cablea, Xbo power supply 
cab lea 13 are arranged for carrying a selected amount of current 
while generating only a lolnliral ctfoount of heat, Tba details of 
30 suitable utchanical and electricaL cable connecting jninta for tibc 
with I re tal~ sheathed minaral-insalataad power supplying cables are. 
illustrated in Figure 3, 

As the beat iJig 3nd pewer supply cobles 1 and 10 are run intn 
tha wall , alarjcj with t)ie weight.-supportinig strand 7 , the cablee axe 
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periodically at-tachsd to tba ^trinnd 7 by TveanH of mLmips or 
citr£jppLTq Kie£ms 12. Such clamps *uca arranges for creortuxj £ 
friction between ths cablsa and strand which is sufficient to 
support the weiglnt of lerxjtha at tha cable? which, are lusted 
5 between the cLai^s. 

Figure 3 illustrates derails of crefexrod &rrars**TentR of 
splices 11. fts shewn, the: pacer supply cablu 10 h&a a metal sheath 
14, such as a cepper BheaUi f surrourdiviq an itiEulestaS olecfcrj.cally 
ccofiuctiva. oorc 13 having a cctrbicVitiori r>f cr orb- actional &reR and 
10 electrical rcsl5tar.ee per unit oi: length adapting it to carry the 
current to be uoed \n the heating operation while generatirig only 
an insignificant araount of beat. A» -shewn, the porer cable ihoftth 
14 as veil as a pewer cable core 13 euro larger than the aheatb 2 
and core 4 of the unff»«igod port.icn of beating csblo la. Tta 
15 conductive cores of the c^le are electrically int^rccancc ted r 
preferably by ws]ding«. tn general, the pewer cable can cttf£>rise 
substantially any typa of electrically conductive cable which is 
adeqrutrtsLy heat stable at the tejq?erature generated by tha minimum 
heating portion ofi a hating cabLa E*icti as la, tfhere fix? Tnaxixrum 
20 selected ht>E±ir>g teqperaturo is sufficiently lev and /or t\vt 
distaavce bat-ween the pewer supply arte] zene to t^tei is 
adequately sbort, the ccv^r supply cable c?.n occi^'ia* a KOtal- 
sJueathed Tmr^ral-intalatcid ^solid-careri cable which is select jvely 
er k ?age{5 to pravicte tl£> elected heatir.g tjemperature that no 
£5 splices 3tx*h a-a Bplicaa 1L aro needed. 

As shown \n Figure 3, a relatively Short sleeve 15 f such as "a 
3teal tfltjsve, is fitted around and welcfcd or brewed, or otherwise 
ira=4ianicali.y attached, to the sheath 14 of the power cable 10. Tbo 
glea^a 15 is preferably selected to hav«s an inner diameter forming 
pQ an annular i-paco botwoen it ao3 aheath 2 largo, yncugh to 

accaraccdate a shorter atoel sleeve 16 fitted around the sheath of 
tl*je cable la. In a prof or red aS9ei*l-iiig procedure, before inserting 
the short sleeve 16, substantially all of the annular e^sica between 
the cable core mentoerB. 4 and 1J arai olceve 1.5 ie filled with & 
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ixwieracl minaral insulating- material iucb as imagneaium oxide . 'The 
insulating material i& preterably deposited within both the annular 
=pact> between the* cable cores and the sleeve 15 ^ well, a*? the 
space between the sleeve 15 and the qteatii 2 of tht* cable la, and 
1 vibrated to <x*rpact tiie mass of particles ► Cleave. 16 Oftn tJien 
driven In bo the spaus bertwaon the sleeve 15 and abewith 2 00 thar. 
the mass of rcdnera.l inflating particles In compacted by the 
driving fores. Sleeves L5 and i£i and sheath 2 are then veld^cJ or 
bra^&i bogetl^r. 

10 Fiqure 4 illustrates- details of on end oorcno^lor or Bplirje 9. 

As stam, cables lb area oxt or/fed thrmigh hole a in a steel blnric 9 
30 that short sect iens lc cxteaid into * cylindrical opening in tJie 
contra! portion of tlia block- Tlic electrically conductive oore-s of 
tha cables are welded together at weld 17 and the cab.Le shoaths are 

1? vceldoi to block 9 at we Ida IB- P.rufcrably, tha central conductors 
□f tha cablos are sgrrevrrjded by a heat stffi>lc olectric&l inhalation 
gnch ds a nitias or" coaopact^sd poxder^ mineral particles and/a** by 
4tsc? q£ ceramic materials (not shewn) r after uhich tha txjitml 
opening i3 sealed, far e2camr;!Lfc r by welding-nn pieraa of afcedl {not 

20 shewn) * Where the heater i.s suKportfcd, as strewn in Figure Zt by 
attaching It to an elongated cylindrical structural member 7, a 
groove iy is preterably torned along on exterior portion of end 
, epilog 9 to mate with the structural cneuubr^r an<l facilitate the 
attaching of the end place bo that member, for example, by a 

2^ strapping rte«ns 12. 

figure 3 shows o prcfosrrcd type of end connector which 
cHniinatjeB the nee3 for cutting and warding a heater ctibte to form 
a pair nf heater cabins, such as cables 1.6 » The heater cable is 
siirply bent inco a U-turn and tnechanlo&lLy clamped to block 20 by a 

30 boltechow cltfjrrping plate 21. The* blooJi 20 is preferably provided 
vttti groove 71 to facilitate tho cLanping of it CO a cylindrical 
structural jp£*vsber gu~h as the cylindrical mercbor 7 shewn in 
Viqura 2. 
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.In general, nte power supplying el/srentB cm cnxprizv 
substantially tfny or DC sy&tfcen c&p^bis of caua.ijig a baatt>r of 
tha present type ro heat at th& selected relatively high rate*. Such 
a bear, leg rata can be abcat 330 wirtts f-^ netre or isor** 
5 Figure 6 i& a diagram of a preferred arrangement of 

alternating current electrical p=*ar supplying <sleasnl , -u suitable 
&rc the present typo of heater, r Jfhia arraiigeffant Includes tt;o 
ijwcrsw, parallel. r Bilicon-carvtrolled rectifiero (SCRs) in ths 
circuits on both elements of a tuo-*]£fne;tt heater. In such a 
10 bal&ac&d system tha h&ater lugs should Joe or. equal resistance 90 
that tha crtble- cote junction, point A, (within end connector 9) can 
retrain at zom voltage or virtual ground potential, Ifce sheaths of 
the boater cables are connected to tha grounded centre Fap of the 
taans&rousx ^enndary- Since point i\ repreeentB tha walctod 

15 conrj2Ctioo within the end pi&OG 9/ the poeential difference between 
the connection and the housing will fcc zero tor all practical 
purposes. Thsse points muld be in electrical contact without any 
conduction of current* P± points advancing upward al.cn? the legs or 
the heater, the potential differ ea>oa- bstwettfi tho shosths and tha 
20 central ccf^Juctor o^n increase and finally reach Cfflxinunra 30*$! 
plua or minus; 240 V. 

Xh various BituitiariB in vhidh an elongated epace ia to be 
heated, tie in aitu thermal carutetixri way vary ^i^ifioarrtly 
vitbin various iay&rs or looatloa3 alcftiqr that space. A mora hoat 

'& oondtx^ive lay ex will carry off thn boat generated by a heater 

Jester than a leae conduct ive layer. Ad & result, the terep^ratore 
itiaSntalned by on electrical resistance! )ie&t*r carrying a qivnn 
anrjtmt of currant will h<s ]jaw*rr ccpagite a cnere conductive layer » 
In aito^Lonfe in which it is desired tn traititaio a fJat or uniform 

30 heating rata aloitg the spruce beirg heated, it ia d^airdblo to 

reduce tV>e heater ears cross-ssc clonal area in order to generate 
heat at the aame rate as that in other portions of the heater whJch 
are 1 hotter. 
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An electrical rp.Bistanco heater can be caue«tf bo generate 
selected he&tir/-f rates at difittx^iit Lcxationa alccig txn> heater Jry 
installing hoater sectiona attaining conductors af varying eroe-^ 
a«ptLari3. 'foe ^uallx^r care or OCd viae tor crOS£>-3ectir:n>B exhibit Rare 
5 rasiataccs to thu electrical cm: rent flew and thga g are rate tea^ st 
& rate higher Ulan vrcald be ger^cratea by a thicker core at tha 9me 
terr^aratrore . Par exanpla, it can heat at a selected rats at IojCCP 
tanpsrature existing along a relatively mare hent caxSucer-re layer 
or cone within tbs apace- jtoir/j heated, 

if) The present, invent! en provides a method of causing a heater 

having asi alectrically conductive core which ia crtrttinuous awl 
unitary to generate constant and/ or selected jvennta of heat alcsv? 
one 01: a multiplicity of dif fereiirt portions of the heater without 
r^qulrirjg a multitude of heating cabl£ splices, particularly where 

15 thd heating is to be Dcariocted at- restively high tenperaturea for 
Long times, reldiog problems and opportunities £o_r loakage are 
inherent In <u;y chitting and splicing of electrical hft&tin? cables, 

Itj r aspect to an electrical resistance heater cenpriaing a 
pair of electrically interconnected Utetal-Sheathed solid irutrirlal- 

20 insulates cobles each containing a. malleable metal, elactrically- 

oariductive fDCsx& r £01 sr gets of rotary Bwitching dies can be arranged 
for yR*j*iding percentages of tfiainsrtricai reductions of 6/ 12, IB 
3Jid 2<l in thb initial overall diameter of o&ch oable and its 
canrtu-tive oarc. By retfucuxr ore portico of the cable dvarreter by 

;! r :l 6t and another by 12%, the overall reduction ia 9%. By such 

pcax^dure?, the overall cacoss-ssctioeial. reductiaria for both Legs of 
the hsater can be provided in eight s-r^pa of roughly 10S each* for 
eKRKple, see f*Jhe following table: 
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O^^MBTfllCAL REDUcmw GROSS- f&OTfCWAL REBCCTICK 

(*) (*) 
L5G 1 LEG 2 DCVft 



0 


6 


21,6 


6 


6 






12 


34,2 


12 


12 


45,1 


12 


i.S 


55,3 


13 


19 


55,5 


18 


24 


75.0 


24 


24 


84.3 



IA ^cH a procedure,, if the sfcove -describe! pracforrc&i p<w 
supply is to be us*d, it is m^ssary that each isg of tha boater 
after reducticoi3 in ius core diiucriBt^r haw en overall resistance 
equalling that of the other: leg after reductions in its oaone 
S diarater. This is oosessaxy to Ensure tho zero voltage potential of 
the inter ooncfcCt Cxi caviuctora in the ecd piece. TVru3 P it is 
nsceaBBcry to divide the eve rail extents of electrical care 
reduction a evenly ovor both longths of the heater. 

Substantially any Dcmptssslve SVaqJLc*9 piocadure which "is or 3.3 
10 substantially equivalent to rotary swaging con mutably be a^ed in 
pr<octisxrLg the present invention* 3^3nrples of swaging imchines 
dnd/or tecsi^iquea which can euitatxLy to used ace .tncliiRX^'a of dm 
closing imaging machines, such as thnees ffinuf&Cfxrred Dy Tha 
Torrinsjtcn Cu:npany r or Abbey Aetna Machine O^rpany or resrm 
IS ^nofacturing, £tc. 

Power ai^ply cables "capable of transmit ting the. amount of 
current selected to be used whiio ge-nodrfttiivj only a relatively 
Insignificant amount of baat and having sufficient thermal 
stability fox electrical srxJ icocJit^rjical atiisefrmiejit to thu mortal 
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itoeai-Had cab Is seltxAed for qnererrating a ttiinifOG enrcwnt of heat can 
suitably be uaed in this Invention, ficajiplas of such cafcteR incluria 
thooe available *a BUCC/Pyrotenac (41 rabies. 

Iti general, in a situation In which an alectrical ccfiducter 
5 r^eed net to insulated, the preseoat invention can b=» tirdctised vith 
sobBt-uitially any eWtricGl coo^ixrtor which ib oontinucos and 
unitary (i.e. is a oanewoua tody froo of iatercennected ' grants 
or strands > ond ha* a core or conductor thickness a croas- 

aecticoal araa of electrically ccoductivo iraterlal) vhicti ia 
10 different in different location along the length of the eteutrieal 
conductor, Preferred aloc'trical conductors oraqprise 33 
conductive core* of malleable metals or alloys surrounded by a heat 
atahla solid insulated material witJUn a beat a table tf&tAi S)teatt\ 
suxzh ob refractory pcwtfer or solid fibre Insulating materials 
\5 wifcbiu copper or steal sheath*. A copper core surrounds^ by 

postered uiagn-ainiti oxide within a ccpp~r sheath for use at moderate! 
twnperaturea, or a st&inlesg steel gheath for nee at high 
temperatures., i& particularly preferred, 

In general, the present invention can utilised to initiate 
20 and jtoiatairi a substantially uniform rate of lieating along a. space 
ccxitainitxj at least one portion having a relatively ^ rata of 
lieat conduct Lvity and /or to establish and mftl/ltftJn a relatively 
high rata off boating along selected portions aloft? a 5*peoa 
. thrcu^hcat Oiicb the race of heat conductivity is nearly urufbrrn- 
25 l^be variations in ftaat cartfLuctsvi cy with ai&tanuo &lrxig am 

elcoga.ted path can be ^ banning by wana of msraertiue knavn find 
available de ; /ioea aral recfcrrlqufig . 

Hi a particularly pro furred procedure for utilizirg the 
prae^at invention tor hearing aloog a path along vfrich the halt 
30 conductivity is noiVMnirbxra r a selection is rrads of the rate of 
beating bo be provide when an electrical conductor having th& 
cenpesition to h& used is ccrtfucting the ancunt of current to ha 
use3 within a honjoganacus medium having th& lowest heat 
ozoductivity to ba sncjountercd aicng the path to b& heated, The 
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ntaxivauAi thicknaiiiJ for tne ele-tritxil cOTLCluctcr bo he usod is then 
ths tb.vcicnjeaa which provides that r&tu of hsativ-g in th&t 
eituaticru l lbe thickness of. portions of t>je adductor to bB 
poaitianed along portions of tUe path which have higher beat 
r , ognductlvlties are then /trtde thiraisr to an t^torit .substantially 
CcnpenGatillO for tba judt& rtf£>ld crcrtfuctingHaweiy Of the beat by 
those higher taat ocQidwrrti-viti^s. 

Mterratittaly, where it ia daeirable to generate teat at 
restively rapid rates along port-Loans of a peth to bs beat&d (Cor 

10 exairple, alung tcp and hot tan portions of a Hiibterranc&n oa.rtn 
fotrtnariim) such an arrangejpent can te» Jt&da, a.Vchcr.jgti ttiB hant 
conductivity iray substantially uniform all along the path to ]je 
heated. 'Che conductor thicfoess and resistance to be ue^d along 
most of rjia cab.le conductor are select to prcvidc dne ^e.l^cted 

15 rats of heating a long a hc?r*zgehSoas iraterial having the haat 

conductivity ojsaca to float of tba interval to be hearted. Then, the. 
tfore rapid hoatirjg rate alcs*g aoJ^teJ portions of the path can be 
obtained by thinning the portions of tba oanductor to be extent^d 
along those portion* oil the path, 
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THB fcM&QPOIfijm OF THE INVENTION III WHICH AH EXCLUSIVE 
PROPERTY OK PRIVILEGE 13 CLAIMED AflE DRPIUSD AS i'DLi-OWS: 

1. . In a t^iocaas in which subterranean earth formations 

within an interval more th.au 1.0(1 f.eet tono h&KCtxjl to a 

temperature ol eioro than 60& Q C. r ao that haat is injectod 
substantially unAfnrtf.Ly into that iEitatval, in iih^rovem&nt far 
constructing end Installing a haatar having an alectrical cable 
heatLng section vhioh i& free of Bplicc&, comprising * eon«tr uctlafl 
SfliG ll^&^J.nq" CRhle section by comprcsatveiy 3wacjiug at. least one 
portion of a junotton- tre e elect cic&i he^tiri^ eabl<j to reducr& its 
fit Buid least ons portion, said cable is at least &b long 
aa the earth formation interval Co aft bested and (^emprises an 
ax^lly aliened, mfcileahia, olsctrically cJonductiva core 
surroundoa by granular xUn-eral insulation tfithin a frietai Sh«ath r 
eo that f*wage<1 portion gsnsraitcs heat at a rato higher than tha 
Uft^agod portioa; correlating th« location of Sftid RHaging vith 
the pattern of heat conductivity in tlia aarth formation interval 
BO that at l&ast ens coTnpresai vely swaged, portion of the cable is 
lncated along the cable in a POBIUSqr flush th&t, vhoa thn> cable is 
-^tended Ztlonq tfts ^arfch formation interval to be heated, the 
coi&proHsi vely ^Ksqed portion is adjacent to a, portion of the e&rth 
Cotm&T-ton Interval in which ths haat conductivity ia relatively 
hitfh) cocmoctingr said selectively sv.^gert he&tln? cable faction to 
at UftBt one POWOr fJUPply cahia ^nd ijpooLinrr the intarconnacted 
cables; and unapoolin^ the int.ercoouecteii o&Mes into ei weLifoorc 
along with a weight- supporting metal conduit vhila periodical ly 
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attaehlwq tUe cables to tUe conduit, and fixtendkiiuj the cables and 
conduit to a do^tli at which tho coinponsivo'ly svas'©* portions oir 
the cabLe *re- poRUior^rt adjacent no tlu earth tflrra*i-4,onB having a 
ralitivoiy high LhorniaL conduct! vit^. 
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A_E 13 TRACT 

lEE^TTlEfCG RATS VNOmV 
E3jXsGATET> RESISTANCE HEATER 

An electrical roa^.fttarxre theater capable o£ g^oorafcing l\eat at 
different JTdrtes at different lcontians aXc^g ita length ccfCprisss 
ccntinucua ar>3 unitary electrical conductor hawarg a thicb^S3 
vrtiidi is Oiffcre'nt at different locations along its l£*ngth. 
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